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1 . A controlled free radical polymerization process of atom or group transfer radical 
polymerization comprising the steps of: 

polymerizing one or more radically (co)polymerizable monomers in the presence of a 
system initially comprising: 

an initiator having one or more Radically transferable atoms or groups, 

a transition metal in its zero oxidation state which forms, in-situ, a first transition 
metal compound that participates in a reversible redox cycle with the initiator, a dormant 
polymer chain end, a growing polymer chain end or a mixture thereof, and 

one or more N-, O-, P-, or S j containing ligands which coordinate in a o-bond or a 
Ti-bond to the transition metal, or any C containing compound which can coordinate in a n- 
bond to the transition metal, 



to form a (co)polymer. 

2. The process of claim 1, 
solution, in suspension, in emul 

3. The process of clain^ 1 

4. The process of clai 



5. The process of claims 



/ 



polymerizing is performed in bulk, in 
in a supercritical fluid or in the gas phase. 
iirtneKcomprisinejsolating said (co)polymer. 
wherein said system further comprises a second transition 



metal, which may be the same as or different from said first transition metal compound. 



herein said second transition metal compound 
participates in a reversible redox c|ycle with the initiator, a dormant polymer chain end, a 
growing polymer chain end or a mixture thereof. 

^herein said second transition metal compound has a 
counterion that is different from said one or more radically transferable atoms or groups on 
said initiator. 

^herein the one or more radically transferable atoms or 
bromine and wherein said second transition metal 
compound has a chlorine counterion. 

8. The process of claim l,/(vherein said initiator has an iodine as radically 
transferable atom or group. / 
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7. The process of claim 5, 
groups on said initiator comprise; 



9. The process of claim 5, wherein said transition metal compound has one or more 
counterions selected from the groiip cor sisting of non-radically transferable groups. 

10. The process of claim 9, whe rein said non-radically transferable group is a 
member selected from the group consiaing of unsubstituted and substituted carboxylates, 
thophenecarboxylates, thiocyanates, tryflates, phosphines, boranes, PF 6 , hexafluorophosphate, 
nitrates, perchlorates, thiocarbamates, /phosphates, sulfates, tosylates, acetylacetonate and 
cyanides. 

1 1 . The process of claim l^X&herein said one or more radically (co)polymerizable 
monomers is an AB* monomer, wherein A is a carbon-carbon double bond and B* is a 
functional group that can be transformed into an active site for initiating polymerization of 
carbon-carbon double bonds. 

12. The process of claim 5f ^herein said one or more radically (co)polymerizable 
monomers is an AB* monomer, wherein A is a carbon-carbon double bond and B* is a 
functional group that can be transformed into an active site for initiating polymerization of 



carbon-carbon double bonds. 

13. The process of claim 4 
comprises a metal that has at leasi 



a mixture thereof. 

14. The process of claim 
oxidation state available to said 

15. The process of claim 



rein said second transition metal-compound 

oxidation states, a higher oxidation state and a 
lower oxidation state, and wher^i ji Sjaid rn^al is present in said higher oxidation state, such 
that upon reaction with said tc 
second transition metal compound 

metal conjugate of said secontnransition metal compound that participates in a reversible 
redox cycle with the initiator, a dormant polymer chain end, a growing polymer chain end or 



Jon metal in a zero oxidation state, said metal of said 
is reduced to the lower oxidation state to form a reduced 



( wherein said higher oxidation state is the highest stable 
etal of said second transition metal-compound. 

erein the (co)polymer prepared has a degree of 



Ietal o 



polymerization between 1 and 1,000,000. 



16. The process of claim 
a member selected from the group 



, jLherein said transition metal in the zero oxidation state is 
consisting of copper, iron, chromium, samarium, nickel. 
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manganese, silver, zinc, palladium, platinum, rhenium, rhodium, iridium, indium and 
ruthenium. I 



1 7. The process of claim l^^wherein said transition metal in the zero oxidation state 
is copper. / 

18. The process of claim 1 5,- wherein said transition metal in the zero oxidation state 

j 



is iron. 



19. The process of claim 1 



/herein said transition metal in the zero oxidation state is 
added in a form selected from the/jroup consisting of a powder, a turning, a wire, a mesh, a 
film and an electrode. 

wherein said system and said one or more radically 
(co)polymerizable monomers are hot purified prior to addition to the process. 

2 1 . The process of claim l^wereki said process is performed in the presence of air. 

22. The process of claim O, wherein there is a molar excess of said transition metal 
in the zero oxidation state relative Jto s^i^second transition metal compound in the higher 

15 oxidation state lowers the jfconcentrlation dt^he transition metal complex in the higher 
oxidation state such that said transition metal rrv^the zero oxidation state lowers the 
concentration of the transition m^l complex in the higher oxidation state and regenerates 
the reduced metal conjugate. 

23. The process of claim \\ wherein the initiator is a monomeric initiator or a 
20 macromolecular initiator. 

24. A controlled free radicil polymerization process of atom or group transfer radical 
polymerization comprising the steds of: 

polymerizing one or more radically (co)polymerizable monomers in the presence of a 
system initially comprising: 
25 an initiator having one or mbre radically transferable atoms or groups, 

a transition metal compound having one or more associated counterions, wherein said 
transition metal compound participates in a reversible redox cycle with the initiator, a 
dormant polymer chain end, a growing polymer chain end or a mixture thereof, wherein said 
one or more associated counterions pre different from said one or more radically 
30 (co)polymerizable monomers; and 
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one or more O-, or S- containing ligands which coordinate in a o-bond or a 
K-bond to the transition metal, or any C ccptaining compound which can coordinate in a tt- 
bond to the transition metal, 

to form a (co)poiymer. 

25. A process for coupling of onfe or more molecules, comprising: 
providing one or more molecules, each containing one or more radically transferable 

atoms or groups; 

contacting said one or more molecules with a system comprising (a) at least a 
stoichiometric amount of a transition metal, relative to the total molar equivalents of said 
one or more radically transferable atqms or groups, wherein said transition metal is in an 
oxidation state that can participate inja redox reaction with the one or more radically 
transferable atoms or groups; and 

one or more N-, O-, P-, or S-j containing ligands which coordinate in a o-bond or a 
ir-bond to the transition metal, or arjyJTcontaining compound which can coordinate in a k- 
bond to the transition metal; 

to generate a free radical b>| [f^nsfer of the one or more radically transferable atoms or 
groups from the one or mbre moieties tolHetransition metal complex allowing coupling of 
the one or more molecule? to occi 

26. The process offe^aipaf^ 5^<vherein said one or more molecules is a first molecule 
having a single radically transferable atom or group, and wherein said coupling forms a 
second molecule having double the molecular weight of said first molecule after the 
molecular weight of said single radically transferable atom or group is subtracted from said 



molecular weight of said first mo 
contains the radically transferable 
27. The process of claim 
having two radically transferable 



ecule, and wherein said second molecule no longer 
atom or group. 

;J5, ^herein said one or more molecules is a molecule 
ifoms Jx groups and whereby said process provides chain 



extension of said molecule. 

28. The process of claim (25,^herein said one or more molecules is a first molecule 
A-(X) n having one or more radically transferable atoms or groups (X) and wherein said 
process further comprises a reactapt molecule having radically reactive sites, such that upon 
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removal of said one or more radically transferable atoms or groups from said first molecule, 
the resulting radical reacts with said reactamt molecule to form a compound A-(X) n . m -(B) m 
wherein B is the residue from the reactant/molecule, n is the number of radically transferable 
atoms or groups and m< n. 

29. The process of claim 28ywh^rein said reactant molecule is a hydrogen transfer 
agent. I 

30. The process of claim 29, wherein said hydrogen transfer agent is a member 
selected from the group consisting of tftiols, silyl hydrides and tin hydrides. 

3 1 . The process of claim 28/wherein said reactant molecule is a stable free radical. 

32. The process of claim 251; wherein said one or more molecules is a molecule 
having, on average, more than two radically transferable atoms or groups, and wherein the 
process produces a crosslinked comppund containing units obtained from said molecule. 

33. The process of claim 25,wwherein said one or more molecules have, on average, 
at least two radically transferable ate! >ma or groups and wherein said transition metal is 
contained at least on a surfac? of a s|ut)5t\ate, such that upon contact of said surface with said 

5sited on said surface, 
'wherein said transition metal is at least partially in a 



one or more molecules a coh ^rent coating 



^irnZ^ 



34. The process of cl 
zero oxidation state. 

35. The process of claim 34 
in a zero oxidation state. 

36. The process of claim 25 
molecule that is a polymer having 



37. The process of claim 36 
having a radically transferable atom 



polymer product has the second fui 



wherein said transition metal is substantially completely 



wherein said one or more molecules comprise a first 
radically transferable atom or group at one or more 
termini and a second molecule havijig a radically transferable atom or group, wherein the 
product so formed is the polymer bound to said second molecule at each reactive termini 
with removal of both radically transferable atoms or groups. 

^/wherein said second molecule is a bifunctional molecule 
or group and a second functional group, such that upon 



coupling with each reactive terminus of the polymer and the second molecule, the resulting 



tional group at the termini. 
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38. A controlled free radical polymerization process of atom or group transfer radical 
polymerization comprising the steps on 

polymerizing one or more radically (co)polymerizable monomers in the presence of a 
system initially comprising: 

an initiator having one or morjb radically transferable atoms or groups, 

a first transition metal-compound which participates in a reversible redox cycle with 
the initiator, a dormant/growing polymer chain end or both, 

a second transition metal compound, 

one or more N-, O-, P-, or Sf containing ligands which coordinate in a o-bond or a 
Ti-bond to the first transition metal, or any C containing compound which can coordinate in a 
7r-bond to the first transition metal, 
to form a (co)polymer. 

39. The process of claim 3K wherein said polymerizing is performed in bulk, in 
solution, in suspension, in emulsion, in a supercritical fluid or in the gas phase. 



40. The process of clai 

41. The process of c 
oxidation state. 

42. The process of c 
redox conjugate oxidation state d 

43. The process of claim 
independently selected from the £; 




her comprising isolating said (co)polymer. 
her comprising a third transition metal in its zero 

!, wherein said second transition metal compound is in a 
afferent from that of said first transition metal compound. 
}§, wherein said first and second transition metals are 
up consisting of copper, iron, manganese, magnesium, 



44. A controlled free radi 



chromium, nickel, silver, palladium, ruthenium, samarium, zinc and rhodium. 



al polymerization process of atom or group transfer radical 



30 



polymerization comprising the steps of: 

polymerizing one or more radically (co)polymerizable monomers in the presence of a 
system initially comprising: 

an initiator having one or more radically transferable atoms or groups, 
a transition metal-compound having one or more associated counterions that are non- 
radical^ transferable, wherein the transition metal compound participates in a reversible 
redox cycle with the initiator, a dormant/growing polymer chain end or both, 
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one or more N-, O-, P-, or S- containing ligands which coordinate in a a-bond or a 
7i-bond to the transition metal, or any £ containing compound which can coordinate in a k- 
bond to the transition metal, 

to form a (co)polymer. 

45. The process of claim 44/wherein the one or more ligands and counterions are 
chosen to form, along with the tradition metal, a metal complex with monomeric structure 
when the transition metal is in a lower of at least two available oxidation states. 

46. The process of claim 4tt,^vherein the one or more ligands and counterions are 
chosen to form, along with the transition metal, a metal complex having more than one metal 
center. 

47. A controlled free radidal polymerization process of atom or group transfer radical 



polymerization for the preparatio 
(a) initially polymeri 

the presence of a system compris 
an initiator having one o 
a transition metal-com 

initiator, a dormant/ growing po 



of (co)polymers comprising the steps of: 
ing one or more radically (co)polymerizable monomers in 
mg: 

more radically transferable atoms or groups, 

which participates in a reversible redox cycle with the 
>jmfecchain end or both, 



one or more N-, O-, IP-, or S- containing ligands which coordinate in a o-bond or a 



rc-bond to the transition meta 
bond to the transition metal; to 



transferable atom or group, whi 



r any C containing compound which can coordinate in a 7t- 
;ive a (co) polymer having a terminal radically transferable 
atom or group, wherein the ternfiinal radically transferable atom or group may be the same as 
or different from the one or more radically transferable atoms or groups in the initiator; and 

(b) converting the terminal radically transferable atom or group into an atom or group 
different from said terminal radically transferable atom or group. 

48. The process of clain 4^ wherein said atom or group is a third radically 



h may be the same as or different from the one or more 



radically transferable atoms or groups in said initiator. 

49. The process of claim 47, /further comprising (c) adding a second different 
radically (co)polymerizable moromer that adds to the terminus now bearing said third 
radically transferable atom or grpup, to provide a block copolymer 
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50. The process of claim 47, further comprising (c) adding a second different 
radically (co)polymerizable monomer in an amount sufficient to cap the growing polymer 
chain ends and (d) subsequently adding a third radically (co)polymerizable monomer to 
provide a block copolymer having said second different monomer located between blocks. 

5 1 . The process of claim 5^)/\wierein efficient polymerization of said third monomer 
will not occur with said one or more radically polymerizable (co)monomers under the 
reaction conditions without the presence of said second monomer between said blocks. 

52. A controlled free radicaypolymerization process of atom or group transfer radical 
polymerization comprising the steps of: 

polymerizing one or more i/adically (co)polymerizable monomers in the presence of a 
system initially comprising: 

an initiator having one or hiore radically transferable atoms or groups, 
a transition metal-compound that participates in a reversible redox cycle with the 
initiator, a dormant/growing polymer chain end or both, wherein the transition metal 
compound is, optionally, partially opetJmpletely present in a zero oxidation state, and 

one or more ligands sel^ctefl from the group consisting of phosphines, phosphites, 
quinolines, picolines and no/l-hjbteji'd^romatic amines; 
to form a (co)polyy 

53. The process olf clai t/ 52i wherein said one or more ligands are selected from the 
group consisting of tri-n-m^y}fmine', tri-n-octylamine and mixtures thereof, 
tertaalkylethylenediamine, quiholines, picolines, pentamethyldiethylenetriamine, 
hexamethyltriethylenetetraam; ne, 2- { [2-(dimethylamino)ethyl]-methy lamino } ethanol, tris(2- 
(dimethylamino)ethyl)amine < nd cyclic non-heteroaromatic amines. 

54. The process of claim 5^ wherein said one or more ligands are selected from the 
group consisting of mono-anc 
phosphites. 

55. A controlled free 



multidentate phosphines and mono- and multidentate 



radical polymerization process of atom or group transfer radical 



polymerization comprising the steps of: 



polymerizing one or 
system initially comprising 



more radically (co)polymerizable monomers in the presence of a 
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an initiator having one or more radically transferable atoms or groups, 
a transition metal compound havvlng at least one counterion associated therewith, 
wherein the transition metal compouncy participates in a reversible redox cycle with the 
initiator, a dormant polymer chain enc/, a growing polymer chain end or a mixture thereof, 
and 

one or more N-, O-, P-, or SVcontaining ligands which coordinate in a o-bond or a 
Tt-bond to the transition metal, or apy C containing compound which can coordinate in a tz- 
bond to the transition metal, 

wherein said at least one cibunterion, said one or more ligands or both are chosen to 
adjust the transition metal compcpnd's solubility, reactivity or both; 

to form a (co)polymer. 

56. The process of claini 5& y wherein said at least one counterion, said one or more 
ligands or both are chosen to alpw separation of the transition metal compound from the 
(co)polymer formed in the process. 

57. The process of/ 
ligands or both are chans 
allow separation of the {ransitij! 
process. 

58. The process oflelajim 55, ^herein said transition metal compound and said one or 
more ligands are present in a ifatio of 
ligands) from 1:10" 3 to 1:10 3 . 

wherein said counterion and said ligand are one in the 




t therein said at least one counterion, said one or more 
erent counterion, ligand or both after polymerization to 
mpound from the (co)polymer formed in the 



>f/(transition metal compound):(total of said one or more 



same. 



state. 



59. The process of claim 55 



60. The process of claim 5 5, further comprising a transition metal in a zero oxidation 



6 1 . The process of c 



solution, in suspension, in an emuls 



62. The process of c 
subjected to an applied elec 



aim 55, wherein the polymerizing step is performed in bulk, in 



/on, in a 



aim 55 



supercritical fluid or in the gas phase. 



, wherein during said polymerization, the system is 



ric potential to modify the redox potential of a transition metal 
complex formed from said transition metal compound and said one or more ligands. 
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63. A multifunctional polymerization imtiator having at least one initiation site for 
atom or group transfer radical polymerization JfATRP) and at least one initiation site capable 
of initiating a non-ATRP polymerization. 

64. The multifunctional polymerization initiator of claim #3, wherein said non- 
ATRP polymerization is a polymerization process selected from the group consisting of 
cationic, anionic, free radical, metathesisjring opening and coordination polymerizations. 

65. A process for the formation of a telechelic functional material, comprising: 
coupling two or more molecules/ which may be the same or different, wherein each 

molecule has a radically transferable atom or group at one terminus and a non-radically 
transferable functional group at a second terminus, wherein the coupling is performed by 
reacting said two or more molecules in the presence of: 

at least a stoichiometric amount of a zero oxidation state transition metal, relative to 
the molar amount of said radically transferable atom or group; and 

one or more O-, P-, or S-/containing ligands which coordinate in a o-bond or a 
7r-bond to the transition metal, or aryy C containing compound which can coordinate in a 7t- 
bond to the transition metal; then 

isolating the telechelic funcfiontftThaterial. 

66. The process of clainvo£, /^herein said reacting of said two or more molecules is 
further performed in the presence <£tf a transition metal compound which can participate in a 
reversible redox cycle with said raoicaUytraTrsfefable atom or group. 

67. A process for formation of telechelic polymers comprising: 
polymerizing one or\pore[/radically (co)polymerizable monomers in the presence of a 

system initially comprising: 

an initiator having one or more radically transferable atoms or groups, 
a transition metal compo and that participates in a reversible redox cycle with the 

initiator, a dormant polymer chafen end, a growing polymer chain end or a mixture thereof, 



and 

one or more O, P-, 
Tt-bond to the transition metal, 
bond to the transition metal, 



or S- containing ligands which coordinate in a o-bond or a 
)r any C containing compound which can coordinate in a 7i- 
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to form a (co)polymer having fa radically transferable atom or group at one terminus 
thereof; and 

reacting said (co)polymerWiTh at least one molar equivalent of said initiator, relative 
to the molar amount of said (coOppiymer in the presence of at least a stoichiometric amount 



of a zero oxidation state trans/tio, 
place of said radically transferab 




metal to place an initiator residue at said one terminus in 
e atom or ere 
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